We analyse mid-infrared (MIR) spectroscopic properties for 19 ultra-luminous infrared quasars (IR QSOs) in the local universe based on the spectra from the Infrared Spectrograph on board the Spitzer Space Telescope. The MIR properties of IR QSOs are compared with those of optically-selected Palomar-Green QSOs (PG QSOs) and ultraluminous infrared galaxies (ULIRGs). The average MIR spectral features from ∼5 to 30µm, including the spectral slopes, 6.2µm PAH emission strengths and [NeII] 12.81µm luminosities of IR QSOs, differ from those of PG QSOs. In contrast, IR QSOs and ULIRGs have comparable PAH and [NeII] luminosities. These results are consistent with IR QSOs being at a transitional stage from ULIRGs to classical QSOs. We also find that the colour index α(30, 15) is a good indicator of the relative contribution of starbursts to AGNs for all QSOs. Correlations between the [NeII] 12.81µm and PAH 6.2µm luminosities and those between the [NeII], PAH with 60µm luminosities for ULIRGs and IR QSOs indicate that both [NeII] and PAH luminosities are approximate star formation rate indicators for IR QSOs and starburst-dominated galaxies; the scatters are, however, quite large (∼ 0.7 to 0.8 dex). Finally the correlation between the EW (PAH 6.2µm) and outflow velocities suggests that star formation activities are suppressed by feedback from AGNs and/or supernovae.
INTRODUCTION
Since the discovery of ultra-luminous infrared galaxies (ULIRGs, LIR>10 12 L⊙) by the Infrared Astronomical Satellite (IRAS) in the 1980's (e.g., Houck et al. 1985) , it is widely accepted that ULIRGs result from strong interactions/mergers between gas-rich disk galaxies. These mergers form elliptical galaxies and ULIRGs are an important intermediate stage in the process during which at least a fraction of ULIRGs manifest as dust-enshrouded QSOs (see, e.g., Sanders & Mirabel 1996; Lonsdale et al. 2006 ). In addition, active galactic nuclei (AGNs) triggered by mergers tend to appear at the final merging stages (e.g., Sanders et al. 1988 , ⋆ E-mail: ccao00@gmail.com † E-mail: xyxia@bao.ac.cn Zheng et al. 1999 , Cui et al. 2001 , Veilleux et al. 2002 . There is mounting evidence that QSOs with far-infrared (FIR) excess have massive starbursts in their host galaxies. For example, Canalizo & Stockton (2001) investigated 9 QSOs with FIR excess and found that their host galaxies are tidally interacting or major merger systems with obvious recent star-forming activities. From the detections of mid-infrared (MIR)/FIR 1 emissions for FeLoBALs (Broad Absorption Line QSOs with low-ionisation and iron absorption lines) by Multiband Imaging Photometer on Spitzer (MIPS; Rieke et al. 2004 ) on board the Spitzer Space Telescope (Werner et al. 2004 ), Farrah et al. (2007a) find that all their 9 FeLoBALs are extremely infrared (IR) bright, and concluded that these QSOs are in transition from ULIRGs to classical QSOs with ongoing or recent starbursts, because the iron absorption may be from iron ejected during starbursts. Hao et al. (2005a) studied 31 QSOs/Seyfert'1s selected from the local ULIRG samples (termed as IR QSOs for simplicity). By comparing the FIR spectral index of IR QSOs with those of optically selected Palomar-Green QSOs (PG QSOs; Schmidt & Green 1983) , they argued that the FIR excess of IR QSOs relative to PG QSOs is from massive starbursts and inferred star formation rate (SFR) in the host galaxies of IR QSOs. Recently, from studies of z∼6 QSOs with strong sub-mm emissions, Carilli et al. (2007) , Wang et al. (2007) and Wang et al. (2008) concluded that massive starbursts also exist in their host galaxies. The conclusion is consistent with the results of Hao et al. (2008) that high redshift (sub)mm-loud QSOs follow the same trend for FIR to bolometric luminosities established by low redshift IR QSOs (Hao et al. 2005a) . All these studies suggest that there exists a transitional stage, during which both the central black hole and the spheroidal component of QSO hosts grow rapidly in a coeval fashion.
However, there is still a debate about the origin of FIR emission from QSOs, because one cannot firmly exclude the possibility that FIR emissions are from dust tori heated by central AGNs (for detailed discussions see Haas et al. 2003) . Moreover, from the molecular gas properties of PG QSOs with IR excess and comparisons with ULIRGs, Evans et al. (2006) find that the LIR/L ′ CO and LIR/L ′ HCN ratios for PG QSOs are higher than those of ULIRGs, implying that AGNs contribute significantly to the dust heating and hence to the FIR emission. Therefore, other SFR indicators besides the FIR emission for QSOs are important for further understanding the coeval growth of supermassive black holes and their host galaxies.
Recently, the QUEST (Quasar and ULIRG Evolution Study) group (see Schweitzer et al. 2006; Netzer et al. 2007) reported the detection of polycyclic aromatic hydrocarbon (PAH) emission features in PG QSOs using the Infrared Spectrograph (IRS) on Spitzer (Houck et al. 2004 ). For 11 out of 26 PG QSOs PAHs have been clearly detected. Furthermore, the average spectrum of the undetected 15 PG QSOs also shows PAH features. Since the PAH emissions are closely related to star formation, not to AGNs (see, e.g., Shi et al. 2007) , such detections strongly suggest that star formation occurs widely in QSOs. Their analysis shows that 30% or more FIR emission in these PG QSOs is from starbursts. Furthermore, given that the low-excitation finestructure emission line [NeII] 12.81µm is one of the dominant emission lines of HII regions and that the PAH molecules are easily destroyed by high energy photons from AGNs (e.g., Wu et al. 2007) , [NeII] emission may be an alternative, perhaps even better, tracer of star formation for QSOs (see §4).
In this paper we study the MIR spectroscopic properties of IR QSOs based on Spitzer IRS observations, and examine their connections and evolutionary relations to ULIRGs and PG QSOs. The sample selection, data acquisition and reduction are described in Sect. 2 and 3. The major results and discussions are given in Sect. 4 and 5. Finally we summarise our results in Sect. 6. We adopt cosmological parameters H0=70 km s −1 Mpc −1 , Ωm=0.3, and ΩΛ=0.7 throughout this paper.
SAMPLE SELECTION
IR QSOs are defined as type 1 AGN with LIR(8 − 1000µm) > 10 12 L⊙ (Zheng et al. 2002) . Our basic IR QSO samples are compiled from ULIRG samples with spectroscopic information, plus the IR QSOs obtained directly from the cross-correlation of the IRAS Point-Source catalog with the ROSAT All-Sky Survey Catalog. The ULIRG samples consist of 118 ULIRGs from 1 Jy ULIRGs survey (Kim & Sanders 1998) and 97 ULIRGs from the QDOT redshift survey (Lawrence et al. 1999) . The total number of IR QSOs is 31, about one third of all the IR QSOs found in a complete redshift survey with 15,411 IRAS galaxies and about 900 ULIRGs (PSCz; Saunders et al. 2000) . Thus it should be a representative sample of IR QSOs (see Zheng et al. 2002 and Hao et al. 2005a for more detailed descriptions).
We searched the Spitzer archival data and found that 18 out of 31 IR QSOs have been observed by IRS and the data are available (see Table 1 ). Notice that 9 of the 10 IR QSOs (out of a total of 118 ULIRGs) from the 1 Jy ULIRG sample are included in our sample. The other 9 IR QSOs are from QDOT (4) and other QSO samples. In addition we include the object IRAS F14026+4341, which is classified as a hyper-luminous infrared galaxy (with LFIR > 10 13 L⊙, Rowan-Robinson 2000) and a broad absorption line quasar (Low et al. 1989) . Our sample includes 90% (50%) IR QSOs out of 1 Jy (QDOT) ULIRGs, and thus should be an overall representative sample. We checked that our results are essentially unchanged if we focus only on the 9 IR QSOs from the 1 Jy ULIRG samples, and thus our compiled sample has no significant biases.
14 of the 19 objects have both low-and high-resolution IRS observations, while four (3C 48, IRAS F02054+0835, PG 1543+489, and IRAS F20036−1547) have only lowresolution observations, and one (IRAS F21219−1757) has no Long-Low (LL) mode (see §3.1) observation (see Table 3 ).
The IRS low-resolution spectra of a sample of PalomarGreen QSOs (PG QSOs) are retrieved from Spitzer GTO and GO archival data (programs 14, 3187, 3421, and 20142; see Table 4 ). We remove objects whose MIR spectra have a low S/N ratio or redshift larger than 0.27 to guarantee reliable measurements of rest-frame 30µm fluxes. The number of PG QSOs is 19 (see Table 1 ), the same as the number of IR QSOs. This PG QSO sample is mainly used for studying the MIR spectral slopes benefiting from the full wavelength coverage from ∼5-30µm of their low-resolution spectra. We also collected another PG QSO sample with 22 objects studied by Schweitzer et al. (2006) (after excluding four objects that have been classified as IR QSOs and grouped into IR QSO sample). This second PG QSO sample has deep SL mode observations (5.2-14.5µm) and is thus suitable for studying weak PAH emission features in continuum-dominated QSOs, and for analysing properties of the MIR fine-structure lines (especially [NeII] 12.81µm line in this work) from high-resolution observations.
The sample of Ultra-Luminous Infrared Galaxies (ULIRGs) is selected based on the IRAS 1 Jy sample of ULIRGs (Kim & Sanders 1998) , which have optical spectroscopic observations by Veilleux et al. (1999) and Wu et al. (1998) . Their IRS low-resolution spectra are retrieved from Spitzer GTO archival data (program ID 105; see Table 4 ).
The number in our ULIRG sample is 35 (see Table 2 ), including all spectral types except type 1 AGNs, namely Seyfert 2's, LINERs, and HIIs as classified by Veilleux et al. (1999) and Wu et al. (1998) from diagnostic diagrams of optical lines.
3 DATA ACQUISITION AND REDUCTION 3.1 Mid-infrared spectra from Spitzer IRS The MIR spectra are acquired from the Spitzer archival data using the Leopard software (see Table 3 (Higdon et al. 2004) for data reduction, including the removal of rogue pixels, sky subtraction, and spectral extraction and analysis. The sky backgrounds for low-resolution (SL & LL modes) spectra are subtracted by differencing the adjacent sub-slit positions (1st & 2nd nods). No background subtraction is performed for the high-resolution (SH & LH modes) spectra, but this does not affect MIR fine-structure line measurements (see, e.g., Farrah et al. 2007b) . The slit widths of 3 ′′ .6 to 11 ′′ .1 include most of the emission from the QSO and its host galaxy, so no aperture corrections are performed. For the low-resolution spectra we use the 12µm and 25µm flux densities from IRAS (or ISO if the IRAS fluxes are upper limits or not available) to scale the spectra by multiplying by a small factor, which is more suitable for the comparison between MIR and FIR properties in our statistics. The scaling factors for IR QSOs and ULIRGs are often close to unity, typically less than 1.1 2 . However, for PG QSOs the scaling factors are larger, typically ∼1.5. This may be caused by variabilities of quasars in MIR (e.g., Neugebauer & Matthews 1999) and/or contamination of companions (environments) for IRAS (or ISO) measurements.
Measurements of PAH and mid-infrared fine-structure lines
The fluxes of PAH emission at 6.2µm are measured by integrating the flux above a local continuum from 6.0-6.5µm approximated by a second-order polynomial (e.g., Spoon et al. 2007; Desai et al. 2007 ). The uncertainties (1σ) in the measurements are 20% on average (varying from ∼5% for PAH strong objects to about 50% for those with only marginally detectable PAH features). The equivalent widths (EW) of 6.2µm PAH feature are obtained from dividing the integrated PAH flux by the continuum flux density below the peak of the feature. Upper limits (3σ) are given by adopting typical widths of ∼0.2µm for the 6.2µm PAH feature (Smith et al. 2007) , which is similar to the value, ∼0.6µm, used for the 7.7µm feature by Schweitzer et al. (2006) . Note that we do not fit Gaussian or Lorentzian profiles to measure PAH emissions (e.g., Schweitzer et al. 2006; Imanishi et al. 2007) due to the relative weakness of PAH features in QSOs compared to their strong dust continuum. Since the three IR QSOs in the QUEST sample (I Zw 1, Mrk 1014, PG 1613+518) have 7.7/6.2 flux ratios of 4.2, 4.6, 4.9, respectively, similar to that of NGC 6240 (4.7, Armus et al. 2006) , we estimate the 6.2µm PAH fluxes for PG QSOs in the Schweitzer et al. (2006) sample (which has only 7.7µm measurements) by taking a 7.7/6.2 flux ratio of 4.7.
The fluxes of the ionised neon fine-structure lines in the MIR ([NeII] , [NeV] , [NeIII] at 12.81, 14.32, and 15.56µm) for IR QSOs are measured based on the high-resolution IRS spectra, using the IDEA spectral analysis tool of the SMART software. The fluxes are measured by fitting a single Gaussian superposed on a local continuum approximated by a second-order polynomial. Flux upper limits (3σ) are derived adopting typical line widths of 600 km s −1 (Schweitzer et al. 2006) . The fluxes of the [NeII]12.81µm line for some ULIRGs in our sample are from Farrah et al. (2007b) .
RESULTS

Mid-infrared spectral characteristics of IR QSOs
Fig . 1 shows the low-resolution Spitzer IRS MIR spectra of 18 IR QSOs in our sample (except IRAS F21219−1757 which has no LL mode observation). The dotted and dashed lines show the PAH features and the MIR fine-structure neon, sulphur, and oxygen lines. The shaded bar denotes the silicate emission/absorption feature centred at 9.7µm. One can see from these spectra that the PAH features at 6.2, 7. Fig. 2 . The average spectra of ULIRGs and PG QSOs are from Hao et al. (2007) . It is clear from Fig. 2 that the slope of MIR continua from 15µm to 30µm of IR QSOs is intermediate between that of ULIRGs and QSOs. We also show in the same figure the spectra of two representative IR QSOs (PG 1613+658 and Mrk 231). Their MIR spectra are intermediate between the average spectra of ULIRGs and PG QSOs. However, from the infrared, optical and Xray observations, PG 1613+658 has the characteristics of classical QSOs (Zheng et al. 2002) , while Mrk 231 is an on-going merger with high SFR from its hundred-pc scale molecular disk (Downes & Solomon 1998) . In order to clarify more quantitatively the differences in the spectral properties, we study the properties of 6.2µm PAH, [NeII] 12.81µm luminosities, and MIR colour indices α(30, 15), for IR QSOs, PG QSOs, and ULIRGs. The infrared colour index is defined as 
The central wavelengths (30 and 15µm) are selected in order to avoid the contamination by most strong spectral features (e.g., MIR fine-structure lines, PAH emissions, silicate emission/absorption features etc., see also Brandl et al. 2006; Schweitzer et al. 2006) . The histograms for these quantities are shown in Fig. 3 . The mean values of α(30, 15), EW (PAH 6.2µm), PAH 6.2µm and [NeII] 12.81µm luminosities are labelled at the top of each panel of Fig. 3 . From the left panels of Fig. 3 , the MIR spectral slopes for IR QSOs are much flatter than those of ULIRGs, but are significantly steeper than those of PG QSOs. Since classical QSOs have much lower FIR emissions than IR QSOs at a given bolometric luminosity (Hao et al. 2005a) , and α(30, 15) is correlated with α(60, 25) (see Fig. 5 and §4.2), it is easy to understand why the α(30, 15) slopes are steeper for IR QSOs than those of classical QSOs (for details see §4.2). On the other hand, the emissions from hot dust heated by central AGN are mainly in the MIR band. Furthermore, Spitzer observations reveal that star formation regions in star-forming galaxies also contribute significantly to the MIR continuum emission (e.g., Wu et al. 2005; Calzetti et al. 2007 ). Therefore, for IR QSOs, both starburst and central AGN contribute to the MIR continuum emission, leading to the MIR continuum of IR QSOs being stronger than those of ULIRGs. Thus the slopes of MIR to FIR continuum of IR QSOs are flatter than those of ULIRGs.
The histograms of EW (PAH 6.2µm) show that the mean value of EW (PAH 6.2µm) of IR QSOs (0.031±0.024µm) is between those of ULIRGs (0.321±0.235µm) and PG QSOs (0.017±0.008µm) and close to that of warm ULIRGs (0.04±0.05µm; Desai et al. 2007) . Considering the fraction of PAH detections for IR QSOs and PG QSOs being 70% (13/19) and 40% (11/27 in QUEST QSO sample) respectively, while the EW (PAH 6.2µm) for pure AGN is less than 0.005-0.02µm ), the mean value of EW (PAH 6.2µm) of IR QSOs is significantly larger than that of classical QSOs.
From the middle and right panels of Fig. 3 we see that the mean values of 6.2µm PAH and [NeII]12.81µm luminosities of IR QSOs are similar to those of ULIRGs, but one order of magnitude higher than those of PG QSOs. Apparently the PAH molecules in IR QSOs can survive the FUV and X-ray photons emitted by central AGN, suggesting that they are shielded by a large amount of gas and dust from radiation (see Schweitzer et al. 2006 ).
Since the bolometric luminosities (L bol ) of PG QSOs observed by IRS of Spitzer are systematically smaller than those of IR QSOs, where L bol is calculated from the optical continuum emission (L bol ≈ 9λL λ (5100Å), Hao et al. 2005a ), the differences in their IR continuum shapes may simply arise because more optically luminous QSOs have more extended dust tori. To check this possibility, we investigated the 6.2µm PAH and [NeII]12.81µm luminosities normalised by L bol . Fig. 4 nitude higher than those of PG QSOs. Therefore, the different properties of 6.2µm PAH and [NeII] 12.81µ emissions between IR QSOs and PG QSOs are unlikely from different dust tori, instead the differences arise because of different star formation properties (see section 4.2).
In summary, the mid-IR spectroscopic properties, including the continuum slope and emission line strengths, of IR QSOs, PG QSOs and ULIRGs are consistent with that IR QSOs are in a transitional phase from ULIRGs to classical QSOs, confirming the results from previous studies (Canalizo & Stockton 2001; Hao et al. 2005a ).
Statistics on spectral parameters
In this subsection, we will use the MIR spectroscopic features, including the MIR continuum slope α(30, 15), 6.2µm PAH and fine-structure emission lines, to investigate the origin of MIR emissions of IR QSOs. We will also use these properties, combined with FIR and optical properties, to disentangle the starburst and AGN contributions in these objects. 5 show the correlations between α(30, 15) with FIR excess L60µm/L bol , and between α(30, 15) with the EW (PAH 6.2µm). The EW (PAH 6.2µm) is the ratio of PAH 6.2µm emission line to ∼6µm continuum. Since the 6.2µm PAH emission is from star formation regions, and the 6µm continuum traces the AGN contribution (e.g., Gallagher et al. 2007) , thus the EW (PAH 6.2µm) expresses the relative contribution of star formation to AGN (Schweitzer et al. 2006; Armus et al. 2007 ). In fact, Desai et al. (2007) also found the strong correlation between infrared spectral slope and the EW (PAH 6.2µm) for ULIRGs, especially for ULIRGs with Seyfert 1 and Seyfert 2 optical spectra, while our results extend such relation to infrared luminous QSOs and PAH detected PG QSOs. We conclude that α(30, 15), FIR excess and EW (PAH 6.2µm) can serve as indicators of the relative contributions of starbursts to AGNs (Hao et al. 2005a and see below). Ho & Keto (2007) suggest that the ionised neon finestructure lines [NeII] 12.81µm and [NeIII]15.56µm can be used as a SFR indicator for star-forming galaxies. Farrah et al. (2007b) for IR QSOs, PG QSOs, PAH-detected and PAH-undetected Fig. 7 represent the least-squares regression fits:
log LNeII = (0.90 ± 0.06) log L60µm − (2.22 ± 0.69), log LPAH = (0.78 ± 0.06) log L60µm − (0.31 ± 0.74).
The fitting formula (2) is consistent with that of Ho & Keto (2007) for star-forming galaxies (within the large errors). Note that our sample objects have much higher 60µm and [NeII] luminosities than their star-forming galaxies. Thus both [NeII] 12.81µm and PAH 6.2µm luminosities can be used as approximate SFR indicators not only for normal star-forming galaxies, but also for galaxies with high infrared luminosities, such as ULIRGs and IR QSOs (see Brandl et al. 2006 and Farrah et al. 2007b ). However, the mean scatters (about 0.7 to 0.8 dex) in the relation of [NeII] 12.81µm, PAH 6.2µm with 60µm luminosities are larger than that (about 0.6 dex) of star-forming galaxies with lower infrared luminosity (Ho & Keto 2007) . Comparing Fig. 7 with Fig. 6 , one can see that the scatter in the relation of [NeII]12.81µm vs. PAH 6.2µm luminosities (about 0.6 dex) is smaller than that in the relations of [NeII]12.81µm, PAH 6.2µm luminosities with L(60µm). It is also clear that most large scatters are from ULIRGs. This is perhaps not surprising since the range in the 9.7µm silicate absorption depth among ULIRGs is quite large (see Armus et al. 2007 ). In short, the large scatters for ULIRGs seen in the relations may be due to complicated, patchy extinctions among these galaxies in the MIR band. A detailed discussion on extinction for ULIRGs can be found in Farrah et al. (2007b) .
AGN/Star formation feedback in the transitional stage
One explanation for the observed correlation between spheroidal and black hole mass (e.g., Magorrian et al. 1998; Ferrarese & Ford 2005 ) is that star formation and the growth of central black holes may be self-regulated: AGNs/star formation can drive nuclear outflows which in turn suppress further cooling and star formation (Silk & Rees 1998) . While the detailed processes are still to be understood, it is now increasingly clear that feedback and outflows play an important role in galaxy formation and evolution. So far most observational evidence for AGN feedback is from radio observations at the centre of clusters or groups of galaxies (Batcheldor et al. 2007 ). On the galaxy scale, evidence is still limited. As discussed above, IR QSOs have high SFRs and accretion rates (Hao et al. 2005a) , outflow properties in these objects may thus provide hints on the feedback processes on galaxy or group scale.
It is well known that low-ionisation broad absorption line QSOs (loBAL QSOs) comprise about 15% of BAL QSO population. They are defined as a subclass of BAL QSOs with an obvious blueshifted absorption in Mg II λλ2795,2802 and other low-ionisation species (Weymann et al. 1991) . Such absorption troughs arise from resonance absorption by outflowing gas and dust (Voit et al. 1993 ). In addition, there is a rare class of loBAL QSOs, showing absorption features from excited iron (termed as FeLoBAL QSOs). The outflow velocities for most BAL QSOs span a large range, up to a few times 10 4 km s −1 , which may be formed on a scale of < 1 pc and directly associated with the wind from an accretion disk or molecular torus (Weymann et al. 1985) . However, recent spectral analyses based on Keck observations for LoBAL QSOs or FeLoBAL QSOs reveal that the outflow velocities of some LoBAL QSOs range from several hundred to several thousand km s −1 and the wind is from regions of a few hundred pc (e.g., Ganguly & Brotherton 2008; Hamann et al. 2000; de Kool et al. 2002) , which is much larger than the central engine of AGNs, but similar to the size of the nuclear starburst region of ULIRGs (Downes & Solomon 1998) .
On the other hand, Canalizo & Stockton (2002) studied four loBAL QSOs at z<0.4 (Mrk 231, IRAS 14026+4341, IRAS F07599+6508, PG 1700+518; all four are in our sample) and found that all are ULIRGs with merging signatures. They argued that loBAL QSOs cannot simply be explained by orientation effects, rather, they are directly re- Figure 6 . The PAH 6.2µm vs.
[NeII] 12.81µm luminosities for IR QSOs, PG QSOs (from Schweitzer et al. 2006) , and ULIRGs in our sample which have [NeII] measurements by Farrah et al. (2007b) . The number of each type of galaxies is indicated in the bracket, while the dashed line represents the linear regression for all sample objects. Note we excluded objects with undetected (upper-limits) PAH or [NeII] emissions in the regression analysis. The Spearman Rank-order (S-R) correlation analysis gives the coefficient of linear regression as 0.89 with significance of > 99.99% for the above correlation.
lated to young systems, still surrounded by gas and dust. It represents a short stage in the early life of a large fraction of QSOs. Moreover, Farrah et al. (2007a) reported the detections of mid/far-infrared emission from 9 FeLoBAL QSOs by MIPS. They found that all of their objects are IR bright with infrared luminosities as high as ULIRGs. Thus all loBAL QSOs and FeLoBAL QSOs with MIR to FIR information are infrared ultra-luminous, suggesting a link among loBAL QSOs, FeLoBAL QSOs and IR QSOs.
For loBAL QSOs or FeLoBAL QSOs, the velocities of outflows can be measured from blueshifted absorption lines. Unfortunately it is still unclear whether most IR QSOs are loBAL QSOs or FeLoBAL QSOs, because not many IR QSOs have been observed in the UV. However, there are measurements for the blueshifts in the permitted optical emission lines for our IR QSO sample (Zheng et al. 2002) . The line profiles often contain two Gaussian components, one broad and one narrow. The outflow velocities are determined by the blueshift of the broad Gaussian component relative to the narrow component of permitted emission lines (Hβ) for IR QSOs (see Zheng et al. 2002) . We assume the blueshifted broad Gaussian component is related to the outflow of clouds (Leighly 2001; Batcheldor et al. 2007 ). Fig. 8 shows the correlation between EW (PAH 6.2µm) and outflow velocities for IR QSOs. As the outflow velocity increases, the EW (PAH 6.2µm) decreases. Since the EW (PAH 6.2µm) expresses the relative contribution of star formation to AGN in QSOs (see §4.2), the correlation shown in Fig. 8 implies that QSOs with higher outflow velocities have a lower ratio of SFR to accretion rate. It may be because more energetic AGNs and central massive starbursts can drive faster outflows which then suppress or even quench star formation by heating up or expelling the cold gas and dust in the QSO hosts, leading to a lower ratio of SFR to accretion rate. Another possibility is that the higher velocity outflows are more efficient in ejecting dust cocoons of AGNs, leading to AGNs becoming the dominant source compared with starbursts. We should caution, however, that the sample shown in Fig. 8 is small ; a larger sample would allow us to better understand the relative importance of star formation and AGN in feedback and driving outflows.
SUMMARY
In this work, we studied the MIR spectral properties of lowredshift IR QSOs based on spectroscopic observations with Spitzer IRS, and compared their properties with those of ULIRGs and optically-selected PG QSOs. The following are our main results:
1. The average MIR spectra, MIR spectral slopes, 6.2µm PAH emission strengths and [NeII] 12.81µm luminosities of IR QSOs are distinct from those of PG QSOs. The MIR properties of IR QSOs are intermediate between ULIRGs and optically-selected QSOs, indicating that IR QSOs are at a transitional stage from ULIRGs to classical QSOs.
2. From the correlations between α(30, 15) with α(60, 25), FIR excess L60µm/L bol , and EW (PAH 6.2µm) for both IR QSOs and PG QSOs, we find that the MIR colour index α(30, 15) is a good indicator of the relative contribution of starbursts to AGNs for all QSOs.
3. Both PAH and [NeII] 12.81µm luminosities of IR QSOs are in the same range as those of ULIRGs, but are one order of magnitude higher than those of PG QSOs (see Fig. 3 ). From the tight correlation between PAH 6.2µm and [NeII] 12.81µm luminosities for IR QSOs, ULIRGs and PAH detected PG QSOs, and the fact that the L [NeII] /L bol ratio for IR QSOs is about one order of magnitude higher than that of classical QSOs, we conclude that the [NeII] 12.81µm Figure 8 . The velocity of outflows vs. the equivalent width of the 6.2µm PAH emission feature (EW (PAH 6.2µm)) for eleven IR QSOs (black filled circle) which show obvious Hβ blueshifts. The Kendalls (τ ) rank correlation analysis gives coefficient of linear regression as −0.66 with a significance of 99.5%. The outflow velocities were derived from the Hβ emission line profiles (Zheng et al. 2002; Lípari et al. 2005) .
emission of IR QSOs is dominated by star formation, thus their luminosity can be used as an approximate indicator of their SFRs.
4. Outflows in IR QSOs play an important role in suppressing star formation by heating and/or expelling cold gas surrounding nuclei of QSOs. Thus IR QSOs are an important observational sample to investigate AGN and star formation feedback processes.
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